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Brief introduction

. The variability of spectral aerosol absorption (k(A)) in UV-visible is caused by differences in aerosol chemical composition; the mineral

dust absorption is mainly caused by hematite and goethite, whereas BrC and BC are responsible for the smoke absorption.

. (Dust) The iron-oxide (hematite and goethite) content of dust in the atmosphere and most notably its apportionment between hematite
(a-Fe203) and goethite (a-FeOOH) are key determinants in quantifying dust’s light absorption, its top of atmosphere UV radiances
used for dust monitoring, and ultimately shortwave dust direct radiative effects (DRE). Li et al. (2021) quantified the range in dust DRE
at the top of the atmosphere (TOA) due to current uncertainties in the surface soil mineralogical content using a dust mineral resolving
climate model. It highlights the importance of distinguishing goethite from hematite for the shortwave dust DRE estimate. Otherwise,

the model tends to underestimate dust warming at the TOA by ~56%.

. (Smoke) Global warming gives rise to extending dry conditions in soil and vegetation, resulting in more frequent and severe wildfires
that have been forecasted and observed over the last decades (Liu et al., 2010; Dennison et al., 2014). Chemical components
information such as black carbon (BC) and brown carbon (BrC) will help improve representation of smoke in climate models, mapping
of absorption to different fuel types, understanding of absorption changes with distance from the source, improve modeling of local

tropospheric photochemistry (e.g., surface ozone) and surface UV irradiance.
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Methodology
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- 9 different global main dust source reqgions (Ginoux et al., 2012; Di Biagio et al., 2017)
((1) northern Africa, (2) the Sahel, (3) eastern Africa and Middle East, (4) central Asia, (5) eastern Asia,
(6) North America, (7) South America, (8) southern Africa, and (9) Australia)) — (7), (8) MAIAC EPIC do not provide dust

MAIAC EPIC uses the dust model for known dust source regions (e.g., Sahara, etc.), and the smoke model is applied elsewhere globally.

Red star — Soil samples collected by Di Biagio et al. (2019). Di Biagio et al. (2019) sampled the 19 sites of source soil and mvestlgated their
properties including iron oxides contents, spectral complex refractive indices and spectral SSA.




Retrieval Results: Dust episodes - Sahara / Sahel
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Comparison with
soil measurement data of
Di Biagio et al. (2019)
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Algeria

Libya

Moroccoss\ Tunisia /

Sahara, Sahel, Middle East - large variability

Sahel line (~20°N) hematite tendency
» EPIC: Mauritania > Niger > Mali > Bodélé
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Niger (Lafon et al., 2004)
* Harmattan (11-3): 2.8% iron oxide > agrees
* Local erosion (5-7): 5.0% (£0.4) iron oxide
- Possibly due to rain, MAIAC did not catch

Bodélé:
» EPIC: consistently low hematite (<1.4%)
+ Di Biagio: 0.7% hematite

Saudi Arabia, Kuwait:
+ Shamal season (6-9): northwesterly wind
- hematite, goethite reversed

Gobi, Taklimakan:
* Hm/Gt ratio ~ 0.55 observed (Shen et al., 2006)

Arizona, Australia: may contain smoke cases, but

case study agreed with dashed line range.
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Hematite refractive indices exhibit a large range in the literature

13 different hematite refractive indices Same dust event but with
Hematite

Hematite

13 different models of hematite refractive index

><1.50
53'0 él 25 10 Case 3
2 v — 1 : -
92, £1.00 < _, maximum expected iron-
> el < 8 i
g Sorsh == e o o Z ___________________ 7| oxide content (6.5 wt.%)
22 B =6 based on in situ
3 5 “ 2 B measurements
1.5 50.25 o) 4
- ‘ c
0.00 - o, % %]
300 400 500 600 700 300 400 500 600 700 - 1 L+
Wavelength (nm) Wavelength (nm)
_ _ o 12325678 910111213
After exclude: Most suitable hematite refractive index Hematite Refractive Indices
(a) Hematite (b) Hematite

150 1. Chen and Cahan 1 (1981) Lbopo o ooy
30 §1 . 2. Chen and Cahan 2 (1981) 8. Bedidi and Cerville (1993)
° o 3—Krekov{1992) 9. Sokolik and Toon (1999)
025 £1.00 Lilespioand [ adopn L 000 SO oo O
520 ‘;0'75 6. Querry (1985) 12. Vernon (1962) |
— 0.50 13. Scanza (2015) = this study
Q Is)
*15 £0.25

- 3,4,5,7,8,10,11 are not viable for our approach

<
o
<]

400 500 600 700
Wavelength (nm) Wavelength (nm) 10

300 400 500 600 700



Smoke episodes — Wildfire Smoke over North America
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Climatology of smoke aerosol dominant regions
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Conclusion

Here, contents of hematite (a-Fe203) / goethite (a-FeOOH) column for dust (or contents of BC / BrC column for smoke) are inferred
from single-viewing satellite EPIC at ultraviolet—visible (UV-Vis) channels globally over major global dust (smoke) source regions

using MG EMA internal mixing rule.

The EPIC MAIAC products are also favorable to monitor a dynamic transport and change of dust/smoke optical properties on a
continental scale transport. Retrieved iron oxides enveloped the overall range of Di Biagio et al. (2019) soil measurement data of
iron oxides 0.7-5.8% and were in line with the previous published results generally. Combining the VIIRS fire detection and the
EPIC MAIAC smoke aerosol products, including BC and BrC, confirmed that freshly emitted smoke aerosols from western North
America and Siberia wildfires exhibited high fractions of BC and BrC near sources and the absorption decreased as transported to

surroundings.

The algorithm can be applied for other nadir-viewing instruments having UV-Vis channels, thereby will be beneficial for dust/smoke

DRE related climate change (e.g., input for climate models) / air quality (e.g., epidemiology) study.
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